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Scomberomorus brasiliensis (Scombridae) fishery
on southern and southeastern coast of Brazil

MAYRA JANKOWSKY & JOCEMAR T. MENDONCA

Abstract: Fishing for serra Spanish mackerel takes place along the Brazilian coast.
Studies in northern and northeastern regions show that has socioeconomic importance
although risk of overexploitation. This article provides an assessment of fisheries in
the southeastern and southern regions, where there is a gap in knowledge. To build
a regional perspective, fishing monitoring data from Santa Catarina, Rio de Janeiro,
Sao Paulo and Parana were used. For more detailed analyses, data from Sao Paulo and
Parana were chosen. In these two states, census data were collected on the species
and quantities caught, fishing gear used and sales value. This fishery, mostly artisanal,
has socioeconomic importance. Santa Catarina has the largest production. However, Rio
de Janeiro has the most significant industrial fishery. Sao Paulo and Parana produces
approximately 110 t/year, mainly using drift gillnets and encircling gillnets with a mesh
size of 10 to 12 cm between knots. The harvest period is during the cooler months,
between May and August for Sao Paulo and between June and September for Parana.
The ANOVA test did not show any significant variations in CPUE, thus indicating stability.
The results reinforce the need for adequate management.

Key words: capture by unit effort, fisheries monitoring, fishery resources, gillnets, small-

scale fishery.

INTRODUCTION

The marine area plays a crucial economic
role, as well as being fundamental for food
security worldwide (Pomeroy et al. 2014). In this
context, artisanal fishery stands out as being
responsible for the largest number of fishermen
and fisherwomen involved in the activity in
developing countries (FAO 2020). It has been
estimated that 90% of the jobs generated in
marine fisheries come from artisanal fisheries
(Jentoft 2014), which account for half of the
world’s fishing effort (Rousseau et al. 2019). In
addition, artisanal fisheries are characterized by
different cultural aspects, such that this activity
plays a central role in maintaining the social
structure and traditionality in the coastal zone
(FAO 2020). In Brazil, its production accounted

for more than 50% of the catch (Vasconcellos
et al. 2007, Mattos et al. 2022). This activity is
responsible for the food security and for
maintaining the way of life of these riverside
caicaras [traditional inhabitants of the coastal
regions of the southeastern and southern
regions of Brazil] (Begossi 2014). Among the
common characteristics of artisanal fishery is
the presence of multiple types of fishing gear,
seasonality of the species caught and multi-
species catches (Salas et al. 2007, Medeiros et
al. 2014).

Fishing for Scomberomorus brasiliensis is
present along the entire Brazilian coast. The
range of distribution is also reflected in the
various popular names for this species (Freire
et al. 2015), which may be called “serra” in the
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northern and northeastern regions (lsaac-
Nahum 2006, Lima et al. 2007, 2009, de Nobrega
& Lessa 2009, de Brito & Furtado-junior 2010,
Maia et al. 2015, Ledo et al. 2019), “sororoca”
in the southeastern region (Mendonca &
Katsuragawa 2001, Blank et al. 2009, Namora et
al. 2009, Begossi 2011), and “cavala” (Silva et al.
2017, Chaves & Ventura 2019) in the southern
region.

The reproductive period for this species
differs between the northern/northeastern
regions and the southern region. In the
northern/northeastern regions, this period is
between the months of September and March,
which is between the dry and rainy seasons
(Lima et al. 2007); while in the southern region
it is during the cold period between May and
October (Chaves et al. 2021).

An assessment on historical data, from 1950
t0 2010, relating to fish catches unloaded in Brazil
showed that a mixture of fish species names
had been logged (Freire et al. 2015). “Serra”,
listed as S. maculatus, should be corrected to
S. brasiliensis, S. regalis and Sarda sarda. Serra
Spanish mackerel, on the other hand, presents
differences between the databases, such that
although it is recognized as S. brasiliensis,
assessment for the presence of S. regalis is
required. This result indicate that some difficulty
exists about identify the species caught along
the Brazilian coast.

Catch per unit effort (CPUE) assessments on
serra Spanish mackerel have been made in the
states of Para (de Brito & Furtado-Junior 2010,
Ledo et al. 2019) and Maranhao (Batista & Fabré
2001). These three studies showed that there
were significant differences in CPUE according
to the seasonality of the catch. Though, only one
of the studies in Para compared CPUE over the
years, and that assessment indicated a slight
tendency for the population to decrease (Leao
et al. 2019).

SERRA SPANISH MACKEREL FISHERY

However, little is known about the catches in
the southern and southeastern regions. Recently,
research on the coast of Parana showed that
serra Spanish mackerel production was growing
relatively to other resources (Chaves & Birnfeld
2021) and indicated that, currently, small-scale
fishery is not negatively affecting stock levels
(Chaves et al. 2021).

This study aimed to fill gaps in knowledge
about catches ofthis speciesin the southeastern
and southern regions of Brazil, through analysis
on abundance indexes and fishery resource
management.

MATERIALS AND METHODS

The information analyzed related to fishing
along the coasts of the states of Sao Paulo
and Parana. The data were obtained through
the Sao Paulo Fishing Activity Monitoring
Program (PMAP-SP), developed by the Fishing
Institute; and through the Parana Fishing
Monitoring Project (PMAP-PR), developed by the
Agribusiness Development Foundation and the
Fishing Institute. In Sao Paulo, the information
used was from 2009 to 2019, while in Parana the
period was from 2017 to 2019. Information was
collected on a census form, seeking to obtain
data from fishing catch unloadings (Cordeiro &
Mendonca 2010, Jankowsky et al. 2019).

To begin the analysis, a panorama of fishing
in the southeastern and southern regions was
established, based on the total quantities
caught, according to the type of fishery (artisanal
or industrial) and state. Thus, fishery monitoring
information from Rio de Janeiro covering the
years 2018 and 2019, and from Santa Catarina
covering the years 2017, 2018 and 2019, were
used (FIPER) 2020, UNIVALI/EMCT/LEMA 2020).

The data from the states of Sao Paulo and
Parana were used as a sample for the region. In
these states, the economic importance of serra
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Spanish mackerel was established, along with
the municipalities with the largest catches.

The average monthly unloading was
obtained through the unloadings per month
over the period from 2009 to 2019 in Sao Paulo
and from 2017 to 2019 in Parana. The number
of fishermen was estimated from the number
of productive units, i.e. fishermen or vessels
(Jankowsky et al. 2019) involved in the fishery
of S. brasiliensis, and the fishing gear used. It
was considered that use of each type of fishing
gear would involve a certain average number
of fishermen on the fishing trip. This average
number of fishermen involved with each type
of fishing gear was multiplied by the number of
productive units.

After obtaining this fishery overview, the
species abundance index was estimated by
calculating the catch per unit effort (CPUE).
Although CPUE is widely used as an index of
relative abundance for many fish resources
around the world (Large 1992, Fréon & Misund
1999, Gatica & Hernandez 2003), some studies
have shown that there are some restrictions,
cautions and risks of misunderstanding when
this approach is adopted (Harley et al. 2007,
Maunder et al. 2006, Rincon-Sandoval et al.
2018).

Because of the reproductive characteristics
of serra Spanish mackerel, this species shoals
when young and in the reproductive period
(Lima et al. 2009). Thus, there is a need to adjust
the information for abundance estimates. In
the states of Sao Paulo and Parang, the species
forms shoals in the autumn and winter period,
from May to September (Afonso & Chaves 2021),
which determines the harvest period for the
species. Although the species is present in all
months of the year, only the harvest period (May
to September) was used in the CPUE analysis to
minimize possible distortions in interpretation
of the results from the abundance analysis.

SERRA SPANISH MACKEREL FISHERY

Due to differences in catchability between
different types of fishing gear, it was chosen
to focus on the fishing gear that is used for
harvesting the resource in the states of Sao
Paulo and Parana. Through this, it was sought to
reduce noise in the analysis, since the normal
pattern of presence of serra Spanish mackerel
in unloadings has high monthly variation
throughout the year. Thus, by analyzing only
the unloadings during the harvest period, from
catches in which the main fishing gear was used,
we could obtain a more precise estimate of the
catch. This would avoid an annual sample with
large variations, which could affect comparisons
between years and would bring a risk of results
indicating stability in the CPUE, even if the reality
showed some decline or increase, considering
that the wide fluctuations in the amount caught
would be “normal” for the purposes of statistical
analysis.

After selecting the harvest period and the
main fishing gear for the CPUE estimates (in kg/
hour), the total production of the month was
divided by the total effort, in fishing hours, in
which the fishing time was recorded as the
length of time for which the nets were in the
water. From this, 4,554 and 1,232 catch unloadings
in Sao Paulo and Parana, respectively, were
analyzed.

After estimating the CPUE, the Shapiro-Wilk
and Levene tests were performed to evaluate
the normality of the residuals and homogeneity
of variances, respectively (Zar 2010). In both
states, the CPUE in the harvest period showed
normality of residuals and homogeneity of
variances, thus meeting the assumptions for
ANOVA. This calculation was made from the null
hypothesis that there would be no significant
difference in the CPUE between the years,
considering a significance level (a) of 5% (Zar
2010).
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To conclude the analysis on this fishery,
information was sought on the legal framework
for this practice. Complementarily, information
on fisheries management initiatives were
obtained through participation in Protected
Area Councils and in working groups focusing
on fisheries planning.

RESULTS

Catches of Scomberomorus brasiliensis

In the states of Rio de Janeiro, Sao Paulo, Parana,
and Santa Catarina, in the years from which data
on serra Spanish mackerel unloadings were
available for all these states (2018 and 2019),
presence of industrial fishing was observed,
especially in the state of Rio de Janeiro, but
the largest quantities unloaded for from the
artisanal fleet (Figure 1). The state of Santa
Catarina accounted for the largest quantity
landed, about 62.87%. The greater presence of
industrial fishing in the fishery resource in Rio
de Janeiro over the period 2018-2019 was seen
through fewer unloadings of this species, but
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with large volumes, carried out by a trawler fleet
in some ports in the state.

In Sao Paulo and Parana, the average
annual catches were remarkably similar: 107.70
tons/year and 11315 tons/year, respectively. In
the latter, the serra Spanish mackerel fishing
is artisanal, while in Sao Paulo there is also a
small contribution from industrial fishing.

During the analysis period, for the fishing
unloadings in Sao Paulo and Parana, an average
of one thousand fishermen/year were registered
in these two states involved in the S. brasiliensis
fishery. In Sao Paulo, an average of 107.75 tons/
year of S. brasiliensis were unloaded, generating
about 215,354.11 dollars per year, for about
700 fishermen. The municipality of Cananeia
accounted for 40.5% of the amount unloaded,
while Ubatuba and Sao Sebastiao contributed
131% and 12.0% respectively.

In Parana, an average of 113.15 tons/year
of S. brasiliensis were unloaded, generating
about 224,980.49 dollars per year, for about 305
fishermen. Its catch was especially important
in the cities of Matinhos and Pontal do Parana,

Figure 1. Quantity
caught each year by
artisanal (Art) and
industrial (Ind) fishing
in each state.

2019
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which accounted for 5514% and 34.64% of the
total amount in the state. In Matinhos, this
species was the main resource caught. Fishing
takes place especiallyinthe cold period, between
May and August in Sao Paulo, and between June
and September in Parana (Figure 2).

Gillnets, especially nets used on the
surface, are the main catch strategies for serra
Spanish mackerel (Figure 3). In Parana, encircling
gillnets (Reis-Filho 2019) used in siege mode
form the main strategy, and this together with
drift gillnets (He et al. 2021) accounts for more
than 80% of the total catch. Encircling gillnets
occupy the entire water column, with a height of
almost 25 meters. These nets have a mesh size
of 10 to 12 cm and are usually handled by three
fishermen. Due to the characteristics of this type

SERRA SPANISH MACKEREL FISHERY

of net and the floats left on the surface, it can be
understood to be a derivative of drift gillnets. In
Sao Paulo, drift gillnets form the strategy most
used for catching serra Spanish mackerel. This
is a passive catch technique, in which the net is
placed in the upper portion of the water column.
The mesh size most used is between 11 and 12
cm, between opposite knots.

Comparison of CPUE over the years
showed that there was no significant change
(Figure 4). The ANOVA test showed that there
were no statistically significant differences in
comparisons of CPUE between 2017 and 2019 in
Parana (d.f. = 11, F = 1.056, p = 0.387), or between
2009 and 2019 in Sao Paulo (d.f. = 43, F = 0.827,
p = 0.606), although there was an apparent
downward trend.

Figure 2. Boxplot with the
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Legal and management considerations

Since 2007, there have been restrictions on the
use of drift gillnets that have made their use
unviable. The new legal limits have limited the
height of the net and depth of operation in the
water column (Brasil 2007). This measure was
implemented with a view to reducing incidental
catch, without fisherman participation. In the
state of Sao Paulo, a thematic board for Marine
Protected Areas for Sustainable Use was created
to discuss the issues, involving fishermen,
managers and researchers. This has led to
proposals for viable adjustments to fishing
activity in order to preserve resources (Quito et
al. 2019). Meanwhile, in the state of Parana, there
is afishing agreement in place that allows use of
encircling gillnets in siege mode to catch target
species such as mackerel and mullet, which has
also shown promising progress (Madeira et al.
2018). However, even though this agreement
has been successful, it is only in force over a
small territorial area, within the Ilhas do Currais
National Marine Park. Table | shows a summary
of the attributes of the S. brasiliensis fishery.

10
0

net
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DISCUSSION

Artisanal fishery has great importance because
of its contribution to the maintenance of
livelihoods, food security and production, and
because of the number of fishermen involved
(Pauly 2006, Salas et al. 2007, Begossi et al.
2011, Begossi 2014, Loto et al. 2019). The fishery
for S. brasiliensis is mainly artisanal and is
similar in the states studied here. This species
is caught especially through using drift gillnets
and an active derivation of this technique,
called the encircling gillnet, in siege mode.
Catches this species are especially important
in the municipalities of Matinhos and Pontal
do Parana in Parana and Cananeia, Ubatuba
and Sao Sebastiao in Sao Paulo. However, in
municipalities where the amounts caught are
not representative, the importance of this
species also appears in local studies along the
Sao Paulo coast (Clauzet et al. 2005, Blank et al.
2009, Namora et al. 2009, Begossi et al. 2011, Vaz-
dos-Santos et al. 2013).

The mesh size (10 to 12 cm) targets adult
individuals over 45 cm in length, which are

Figure 3. Main fishing
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therefore above the size for sexual maturity
(Ximenes 1981, Lima etal. 2007, Chaves et al. 2021).
In other states, there have been reports of use
of nets with different mesh sizes. In Maranhao,
the “serreira” [sawmill] net has been described,
using mesh sizes of 9 and 10 cm. It was pointed
out that in the fishermen’s perception, this
was a non-predatory net, since it catches adult
individuals (Almeida et al. 2007). However, in the
states of Amapa and Para, fishing takes place
using with gillnets with mesh sizes of 4 and 6
cm, which catch juveniles (Isaac-Nahum 2006).
Catching juveniles has also been pointed out
to be a common practice in the northeastern
region, and an analysis on unloadings in the
state of Ceara showed that 44% of the individuals
were still sexually immature (Lessa 2006).

SERRA SPANISH MACKEREL FISHERY

The harvest period for serra Spanish
mackerel in Sao Paulo and Parang, is during the
cooler months, between May and September.
Differently, in the state of Para, the harvest was
recorded in the period from March to June (Lessa
2006), and in the state of Maranhao from June to
August (Sousa et al. 2003).

It was observed that the state of Santa
Catarina accounted for the largest volume
caught and unloaded, which indicates that
this state had the greatest fishing efforts in
relation to this resource. In comparison with the
production of the northern and northeastern
regions, the southeastern and southern
regions present lower production. However, the
data from the statistical yearbooks present a
mixture of species, which leaves doubts as to
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which species are involved in the northern
and northeastern regions (Freire et al. 2015). It
is therefore difficult to compare the results. In
addition, since 2014, Brazil no longer presents
national data on fishing unloading, which makes
the national statistics only an extrapolation (FAO
2020) and does not allow more reliable updating
of the fishery.

It is important to point out that fish that
form shoals and are exploited through delimited
fisheries, such as S. brasiliensis, tend to be
overly sensitive to climatic and oceanographic
changes. Interconnections and teleconnections
between climatic events at different time scales
have been observed, and these may interfere
with environments and natural variability (Wang
et al. 2014). In the state of Rio Grande do Norte,
a strong negative correlation between fishery
production of serra Spanish mackerel and
precipitation and minimum temperature was
also found, especially during La Nina, and this
was attributed to changes in behavioral patterns
and different habitats (Barbalho et al. 2013). The
Pacific Decadal Oscillation and the Antarctic
Anomaly have already been shown to have
great influence on CPUE variations of Sardinella
brasiliensis in southern Brazil, especially in

SERRA SPANISH MACKEREL FISHERY

areas near the present study region (Faccin 2019),
which may also have an influence on shoals
such as those of serra Spanish mackerel along
the coasts of Sao Paulo and Parana. A similar
pattern was observed for Xiphias gladius in
the subtropical North Pacific region, which also
presented a relationship between warm events
and decreasing abundance (Hazin 2006). Besides
shoaling behavior, weather and oceanographic
conditions also influence catches. This situation
leads to limitations on the ability of artisanal
vessels to carry out fishing, given that they
need good sea conditions for navigation and
operation of fishing equipment (Rousseau et al.
2019).

Added to the influence of climatic factors
and oceanographic conditions, it was noted
that a tendency towards decreased stock was
also observed in Para, from comparison of CPUE
over the years, although without any statistically
significant reduction (Ledo et al. 2019). In the
northern and northeastern regions, several
studies have been suggesting that there is a risk
of overexploitation of S. brasiliensis (Lessa et al.
2004, Isaac-Nahum 2006, Lessa 2006, Almeida et
al. 2007, Espirito-Santo & Isaac 2012, Palheta et
al. 2016, Ledo et al. 2019). In the southern region,

Table I. Overview of the main fishing attributes of S. brasiliensis in Sao Paulo and Parana.

Sao Paulo
Device Drift gillnet
Mesh (cm) 11and 12
CPUE ton/h in water Stable
Type Mainly artisanal
Economic importance Medium

Rules Prohibited fishing device

Management forums Debating the issue

Parana
Encircling gillnet
10 to 12
Stable
Exclusively artisanal
High

Prohibited fishing device

Local regulation, in small proportion to the fishing area
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catches of smaller individuals as bycatches
are also a matter of concern, especially their
presence in trawl catches (Nobrega 2018, Afonso
& Chaves 2021). In the most recent national list
of endangered species, using a IUNC method,
the Brazilian assessment considered that S.
brasiliensis presented low concern (Brasil 2018).

A third aspect of interference with fishing
is the anthropogenic impact on the marine
environment. Factors such as pollution, climate
change (Cheung et al. 2013, Steneck & Pauly
2019) and exotic species also play an important
role affecting marine environments (Halpern et
al. 2008, Magris et al. 2020) and consequently
their fisheries. In Brazil, the Coastal Vulnerability
Index, which considers socioecological factors
relating to fishing activity, suggests that most
states are in a vulnerable situation, especially in
the northern and northeastern regions (Silva et
al. 2019). In the northeastern region, low quality-
of-life indicators amongS$S. brasiliensis fishermen
have been registered (Mourdo et al. 2014). Thus,
factors other than fishing activities that place
fish resources at risk, linked to socioeconomic
factors and environmental pressure factors, may
be preponderant, compared with the fishing
effort that is applied.

The CPUE analysis did not show any
significant variation over the years. This
indicated that the fish stock had not become
compromised, although this analysis indicated
fluctuations and a tendency towards a decline.
The trend observed can be explained by the
shoaling characteristics of the species and
may also have been associated with climatic
and/or oceanographic influences. Comparison
of fishing in the northern/northeastern and
southeastern/southern regions is hampered by
the lag in recent information for the northern/
northeastern regions. However, given the distinct
harvest behaviors and reproductive periods, it
is possible that there are distinct populations

SERRA SPANISH MACKEREL FISHERY

between the northern/northeastern and
southeastern/southern regions. A population
dynamics study showed that the population in
Parana could be considered to be not directly
related to the northeastern Brazilian group
(Chaves et al. 2021).

Even though the need for management
of artisanal fisheries, especially with regard
to the main resources, as is the case here,
was first pointed out more than fifteen years
ago (Isaac-Nahum 2006), no initiatives for
fishery management on a national scale have
so far been implemented. On the contrary,
with successive changes in administrative
portfolios and institutional de-structuring,
there have been insufficient actions to revert
the vulnerability of the fishing communities or
promote sustainable management (de Azevedo
& Pierri 2014, Mendonca et al. 2018, Gongalves-
Neto et al. 2021).

Brazilian restrictions to drift gillnets were
implemented with a view to reducing incidental
catches, especially of large mammals, while
disregarding the situation of fish stocks. This
is an example of top-down management
measures, without participation by the people
involved, and this model has been highly
criticized for its inefficiency and criminalization
of artisanal fishing (Pauly 2006, Salas et al.
2007, Begossi 2010). Incidental capture of other
species is a global reality, but greater success
in reducing this is being achieved through
technological measures of adaptation of nets,
management strategies and fishing agreements,
in a participative and adaptive way (Folke et
al. 2005, Tixier et al. 2015, 2020, Cummings et
al. 2019, Guerra 2019, Hamilton & Baker 2019).
Furthermore, a study on monitoring of encircling
gillnets did not register any incidental capture
(Madeira et al. 2018).

Through the example of what occurs in
Ilhas do Currais National Marine Park, it is
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possible see a potential for adaptive and
participative management. However, this still
needs to be consolidated and assessed against
national demands. It is important to highlight
that this management approach, even if it is
not a panacea, has brought positive results to
management of artisanal fisheries (Jentoft 2005,
Olsson et al. 2007, Begossi 2010, 2014, Biggs et
al. 2010, Medeiros et al. 2014, Mozumder et al.
2020). Moreover, these management approaches
can include measures to enhance the value
of artisanal fisheries, such as payment for
environmental services (Begossi et al. 2011,
Begossi 2014, Bladon et al. 2016).

Furthermore, it needs to be considered
that fish stocks also suffer other interferences
relating to the contexts of climate change,
increased pollution and intensification of use
of the coastal zone. Regarding fishing activity,
the context of socioeconomic vulnerability
observed in other studies also suggests that
there is a need for a management system
capable of dealing with the complexity of the
current situation.
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